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(57) ABSTRACT

A hub cooling apparatus adapted to a wind generator has a
circulating fan module installed in a nosed end of a hub and a
wind guiding module installed in a main shaft of a nacelle;
wherein the circulating fan module is driven by the rotating
hub, the wind guiding module is driven by the rotating main
shaft.
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1
HUB COOLING APPARATUS ADAPTED TO
WIND-POWER GENERATOR AND METHOD
THEREOF

CROSS REFERENCE TO RELATED
APPLICATION

This application also claims priority to Taiwan Patent
Application No. 101145058 filed in the Taiwan Patent Office
on Nov. 30, 2012, the entire content of which is incorporated
herein by reference.

TECHNICAL FIELD

The present disclosure relates to a hub cooling apparatus
adapted to a wind power generator and method thereof, and
more particularly, to an apparatus and method for reducing
the temperature of a hub in a wind-power generator.

BACKGROUND

Recently, with the growing in global environmental aware-
ness, there is a steady increase in the research of green energy
as it is an energy that can be extracted, generated, and/or
consumed without any significant negative impact to the envi-
ronment. On representative source of green energy is the wind
power.

Currently, the harvesting of wind power is enabled by the
use of wind turbine, which is generally composed of a tower,
a nacelle, a generator module and a blade module. Basically,
the nacelle is arranged at the top of the tower while allowing
the generator module to be received inside the nacelle,
whereas the blade module is disposed an end of the nacelle
and is coupled to the generator module though a rotation
shaft. Thereby, the blade module that is being driven to rotate
by wind can bring along the rotation shaft of the generator
module to rotate and thus active the generator module to
generate electricity.

Although the electricity generated by wind turbine is a
good source of green energy, the whole structure of the wind
turbine usually is pretty heavy and can be constructed in a
height ranged between 25 m and 100 m, resulting that it is
very difficult to maintain. Moreover, since hub is a confined
space having a plurality of components disposed and operat-
ing therein, such as a pitch angle controller and a pitch motor,
the heat resulting from the operation of those components
may be trapped inside the hub and can not be dissipated easily,
those components inside the hub may suffer a higher-than-
usual damage rate. For instance, due to the stagnation of air
flow inside the hub, components inside the hub, such as a
pitch angle controller and a pitch motor, can be damaged by
the high-temperature air trapped inside the hub.

Therefore, in view of the maintenance difficulty and poor
heat dissipation ability of those conventional wind turbines, it
is in need of an improve wind power generator that is easy to
maintain and also is able to dissipate heat effectively.

SUMMARY

In an exemplary embodiment, the present disclosure pro-
vides a hub cooling apparatus, adapted to a wind power gen-
erator, comprising: a circulating fan module installed in a
nosed end of a hub and a wind guiding module installed in a
main shaft of a nacelle; wherein the circulating fan module is
driven by the rotating hub, the wind guiding module is driven
by the rotating main shaft
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In another exemplary embodiment, the present disclosure
provides a hub cooling method, adapted to a wind power
generator, comprising the steps of: enabling a circulating fan
module to be driven to operate by a rotating hub while allow-
ing air in the hub to be driven to flow and circulate by the
operation of the circulating fan module; and activating a first
fan and a second fan that are both arranged inside a nacelle for
drawing hot air inside the hub to flow into the nacelle while
forcing cold air inside the nacelle to be flow into the hub.

Further scope of applicability of the present application
will become more apparent from the detailed description
given hereinafter. However, it should be understood that the
detailed description and specific examples, while indicating
exemplary embodiments of the disclosure, are given by way
of illustration only, since various changes and modifications
within the spirit and scope of the disclosure will become
apparent to those skilled in the art from this detailed descrip-
tion.

BRIEF DESCRIPTION OF THE DRAWINGS

The present disclosure will become more fully understood
from the detailed description given herein below and the
accompanying drawings which are given by way of illustra-
tion only, and thus are not limitative of the present disclosure
and wherein:

FIG. 1 is a three-dimensional view of a hub cooling appa-
ratus adapted to a wind power generator according to the
present disclosure.

FIG. 2 is a cross sectional diagram showing a hub cooling
apparatus of the present disclosure that is adapted to be
received inside an integral structure of a hub and a nacelle.

FIG. 3 is a three-dimensional diagram showing a portion of
a flow guiding ring and a wind guiding module used in the
present disclosure.

FIG. 4 is a three-dimensional diagram showing a wind
guiding module that is disposed inside a nacelle according to
an embodiment of the present disclosure.

FIG. 5 is a three-dimensional diagram showing a driving
ring used in the present disclosure.

FIG. 6 a three-dimensional diagram showing a wind guid-
ing module used in the present disclosure.

FIG. 7 a three-dimensional diagram showing a circulating
fan module used in the present disclosure.

FIG. 8 is a three-dimensional diagram showing a circulat-
ing fan module composed of a plurality of fan units according
to the present disclosure.

DETAILED DESCRIPTION

In the following detailed description, for purposes of
explanation, numerous specific details are set forth in order to
provide a thorough understanding of the disclosed embodi-
ments. [t will be apparent, however, that one or more embodi-
ments may be practiced without these specific details. Inother
instances, well-known structures and devices are schemati-
cally shown in order to simplify the drawing.

Please refer to FIG. 1, which is a three-dimensional view of
a hub cooling apparatus adapted to a wind power generator
according to the present disclosure. Please refer to FIG. 2,
which is a cross sectional diagram showing a hub cooling
apparatus of the present disclosure that is adapted to be
received inside an integral structure of a hub and a nacelle. As
shown in FIG. 1 and FIG. 2, the wind power generator 1 is
composed of a tower 10, a nacelle 11, a hub 12, a plurality of
blades 13, a plurality of hub seals 14, a plurality of pitch
motor 15, a plurality of pitch angle controller 16, a main shaft



US 9,303,527 B2

3

17 and a generator set 18, in which the nacelle 11 is arranged
at the top of the tower 10; the hub 12 is coupled to an end of
the nacelle 11; the plural blades 13 are coupled to an end of the
hub 12 away from the nacelles 11; each of the plural hub seals
14 is disposed at a position between its corresponding blade
13 and the hub 12 for preventing external moisture from
entering into the hub 12 or internal lubricating oil from leak-
ing; each of the pitch motors 15 is arranged at a position
between its corresponding hub seal 14 and the hub 12 for
controlling the wind receiving angle of its corresponding
blades 13; the plural pitch angle controllers 16 are is disposed
inside the hub 12 while electrically connected to the plural
pitch motors 15 for controlling the same; the main shaft 17 is
arranged inside the nacelle 11 while allowing an end of the
main shaft 17 to coupled to the hub 12; and the generator set
18 is arranged inside the nacelle 11 while allowing the gen-
erator set 18 to coupled to an end of the main shaft 17 that is
not coupled to the hub 12.

Please refer to FIG. 2, which is a cross sectional diagram
showing a hub cooling apparatus of the present disclosure that
is adapted to be received inside an integral structure of a hub
and a nacelle. As shown in FIG. 2, the hub cooling apparatus
comprises: a circulating fan module 20, a flow guiding ring
21, a plurality of through holes 22, a wind guiding module 30,
a first interface hole 35 and a second interface hole 36, in
which the circulating fan module 20 is arranged inside the hub
nose 121 of the hub 12 while allowing the circulating fan
module 20 to be brought along to rotate with the rotation of
the hub 12 about the same axis of the main shaft 17, and also
the circulating fan module 20, being arranged at an end of the
hub away from the nacelle 11, is configured with a first fan
unit 2004. In this embodiment, the first fan unit 200q is a fan
with helical blades.

Please refer to FIG. 3, which is a three-dimensional dia-
gram showing a portion of a flow guiding ring and a wind
guiding module used in the present disclosure. As shown in
FIG. 3, the flow guiding ring 21 is received inside the hub 12
atan end thereof neighboring to the nacelle 11 while allowing
the peripheral wall of the flow guiding ring 21 to incline by an
inclination angle 6 with respect to the wall of the hub 12. In an
embodiment, the inclination angle 0 is ranged between 30
degrees to 75 degrees.

In addition, the trough holes 22 are formed at an end of the
hub 12 that is neighboring to the nacelle 11 and in an area
enclosed by the flow guiding ring 21 and a seal element 23. It
is noted that he plural through holes are distributed in a
ring-like formation.

Please refer to FIG. 4, which is a three-dimensional dia-
gram showing a wind guiding module that is disposed inside
a nacelle according to an embodiment of the present disclo-
sure. As shown in FIG. 4, the wind guiding module 30 is
arranged inside the nacelle 11 at an end thereof that is neigh-
boring to the hub 12, and is configured with a driving ring 31,
two belts 32, a first fan 33 and a second fan 34.

In the embodiment shown in FIG. 5, the driving ring 31 is
composed of a first half-ring 310 and a second half-ring 313.
The first half-ring 310 is formed with two first grooves 311 on
a peripheral surface of the first half-ring 310, and the second
half-ring 313 is formed with two second grooves 314 on a
peripheral surface of the second half-ring 313. Moreover, the
first half-ring 310 has two first couplers 312 formed on a side
thereof, and the second half-ring 313 has two second couplers
315 formed on a side thereof. In addition, the second half-ring
313 is formed with an inset notch 316 on another peripheral
surface thereof that is opposite to the one where the two
second grooves 314 are formed.
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By coupling the first couplers 312 to their corresponding
second couplers 315, the first half-ring 310 can be connected
to the second half-ring 313 in an end-to-end manner into a
complete ring while simultaneously allowing the two first
grooves 311 to couple to the two second grooves 314 also in
an end-to-end manner in respective so as to form two corre-
sponding ring-like grooves.

As shown in FIG. 3 and FIG. 6, the driving ring 31 is
mounted on the main shaft 17, and the two belts 32 are
respectively mounted on the ring-like grooves of the driving
ring 31, the first fan 33 and the second fan 34. In addition, the
driving ring 31 is an integrally formed ring; the angle of
inclination for each blade of the first fan 33 is opposite to that
of each blade of the second fan 34. Moreover, the first fan 33
can be used as a suction fan while the second fan 34 can be
used as an exhaust fan, or vice versa.

In this embodiment, the main shaft 17 is wedged into the
inset notch 316 while allowing an inset block that is formed
on the main shaft 17 at a position corresponding to the inset
notch 316 is inset into the inset notch 316, by that when the
main shaft 17 is being driven to rotate, the driving ring 31 will
be brought along to rotate with the rotation of the main shaft
17.

The first interface hole 35 and the second interface hole 36
are formed respectively at on an end of the nacelle 11 that is
neighboring to the hub 12 while allowing the first interface
hole 35 and the second interface hole 36 to be selectively in
flow communication with their respective corresponding
through holes 22. In addition, the first interface hole 35 is
disposed at a position between the through hole 22 and the
first fan 33, and the second interface hole 36 is disposed at a
position between the through hole 22 and the second fan 34.

Operationally, when the blades 13 are driven to rotate by
wind, the hub 12 will be brought along to rotate along by the
blades 13, and the rotating hub 12 can also bring along the
main shaft 17 and the circulating fan module 20 to rotate as
well, whereas the circulating fan module 20 and the main
shaft 17 are rotating about the same axis and the air circula-
tion inside the hub 12 is enhanced by the rotation of the
circulating fan module 20 so as to prevent any components
inside the hub 12 from overheat.

By the transmission of the two belts 32, the rotating main
shaft 17 is able to bring along the first fan 33 and the second
fan 34 to rotate accordingly. Moreover, in a condition when
the first fan 33 is used as a suction fan for sucking hot air from
the hub 12 to the nacelle 11 through the first interface hole 35
and the through hole 22, and the second fan 34 is used as an
exhaust fan for forcing cold air in the nacelle 11 to flow into
the hub 12 through the second interface hole 36 and the
through holes 22; and vice versa, in a condition when the first
fan 33 is used as an exhaust fan for forcing cold air in the
nacelle 11 to flow into the hub 12 through the first interface
hole 35 and the through holes 22, and the second fan 34 is
used as a suction fan for sucking hot air from the hub 12 to the
nacelle 11 through the second interface hole 36 and the
through hole 22. Thereby, by the hot air and cold air that are
circulating between the hub 12 and the nacelle 11, the heat
generated from the operating components inside the hub 12
can be dissipated.

Please refer to FIG. 7 and FIG. 8, which are schematic
diagrams shown two exemplary circulating fan modules used
in the present disclosure. It is noted that the circulating fan
module 20 further comprises at least one first fan unit 2004, at
least one second fan unit 2005, and a fan support 202, in
which the fan support 202 is formed with two ends that are
provided for a fan base 203 and a blade clamper 201 to be
disposed thereat in respective, and each first fan unit 200« is
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coupled to at least one second fan unit 2005 at a side thereof,
and is formed structurally the same as the second fan unit
2005.

As shown in FIG. 2, FIG. 7 and F1G. 8, the fan base 203 of
the first fan unit 200a is coupled to the hub nose 121 of the hub
12. In an embodiment when there is a plurality of first fan unit
200a, each first fan unit 200q is coupled to at least one second
fan unit 2005 at a side thereof while allowing each of the at
least one second fan unit 2005 to be fixed secured by the use
of'a blade damper 201.

In an embodiment, the present disclosure further provides
a hub cooling method, being adapted to the wind power
generator shown in FIG. 2, which comprises the steps of:
enabling a circulating fan module 20 to be driven to operate
by a rotating hub 12 while allowing air in the hub 12 to be
driven to flow and circulate by the operation of the circulating
fan module 20; and activating a first fan 33 and a second fan
34 that are both arranged inside a nacelle 11 for drawing hot
air inside the hub 12 to flow into the nacelle 11 while forcing
cold air inside the nacelle 11 to be flow into the hub 12.

Operationally, when the blades 13 are driven to rotate by
wind, the hub 12 will be brought along to rotate along by the
blades 13, and the rotating hub 12 can also bring along the
main shaft 17 and the circulating fan module 20 to rotate as
well, whereby the air circulation inside the hub 12 is
enhanced by the rotation of the circulating fan module 20 so
as to prevent any components inside the hub 12 from over-
heat.

Moreover, in a condition when the first fan 33 is used as a
suction fan for sucking hot air from the hub 12 to the nacelle
11 through the first interface hole 35 and the through hole 22,
and the second fan 34 is used as an exhaust fan for forcing
cold air in the nacelle 11 to flow into the hub 12 through the
second interface hole 36 and the through holes 22; and vice
versa, in a condition when the first fan 33 is used as an exhaust
fan for forcing cold air in the nacelle 11 to flow into the hub 12
through the first interface hole 35 and the through holes 22,
and the second fan 34 is used as a suction fan for sucking hot
air from the hub 12 to the nacelle 11 through the second
interface hole 36 and the through hole 22. Thereby, by the hot
air and cold air that are circulating between the hub 12 and the
nacelle 11, the heat generated from the operating components
inside the hub 12 can be dissipated.

To sum up, the hub cooling apparatus of the present dis-
closure is basically a structure composed of a wind guiding
module 30 and a circulating fan module 20 that are disposed
respectively inside a nacelle and a hub while allowing the
wind guiding module 30 and the circulating fan module 20 to
be activated to operate respectively by the rotating main shaft
17 and the rotating hub 12, whereas the main shaft 17 and the
hub 12 are directly or indirectly being driven to rotate by the
rotating blades 13 as the blades 13 are driven to rotate by
wind. Thereby, both the wind guiding module 30 and the
circulating fan module 2 can be activated to operate without
additional power module.

By the operating of the wind guiding module 30, cold air
can be sucked to flow from the nacelle 11 into the hub 12,
while enabling hot air in the hub 12 to flow into the nacelle 11,
and simultaneously, the air circulation inside the hub 12 is
enhanced by the rotation of the circulating fan module 20 so
as to prevent any components inside the hub 12 from over-
heat.

With respect to the above description then, it is to be
realized that the optimum dimensional relationships for the
parts of the disclosure, to include variations in size, materials,
shape, form, function and manner of operation, assembly and
use, are deemed readily apparent and obvious to one skilled in
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the art, and all equivalent relationships to those illustrated in
the drawings and described in the specification are intended to
be encompassed by the present disclosure.

What is claimed is:

1. A hub cooling apparatus adapted for a wind-power gen-
erator, comprising:

a circulating fan module installed in a nosed end of a hub;

a wind guiding module installed to in a main shaft of a

nacelle, the wind guiding module including:
a driving ring,
two belts,
a first fan, and
a second fan;
the driving ring being mounted on the main shaft and
allowing the two belts to be respectively mounted on the
driving ring, the first fan and the second fan;
wherein the circulating fan module is driven by the rotating
hub, and the wind guiding module is driven by the rotat-
ing main shaft.

2. The hub cooling apparatus of claim 1, wherein the driv-
ing ring is an integrally formed ring.

3. The hub cooling apparatus of claim 1, wherein the driv-
ing ring is formed with an inset notch on a surface thereof for
allowing the main shaft to wedge therein.

4. The hub cooling apparatus of claim 1, wherein the driv-
ing ring is composed of a first half-ring and a second half-
rnng;

the first half-ring is coupled to the second half-ring in an

end-to-end manner; the first half-ring is formed with two
first grooves on a peripheral surface of the first half-ring;
the second half-ring is formed with two second grooves on
a peripheral surface of the second half-ring; and
the two first grooves are arranged coupling to the two
second grooves in an end-to-end manner in respective so
as to form two corresponding ring-like grooves.

5. The hub cooling apparatus of claim 4, wherein the first
half-ring has two first couplers formed on a side thereof, and
the second half-ring has two second couplers formed on a side
thereof, thereby, the two first couplers and the two second
couplers are arranged coupling to one another so as to connect
the first half-ring to the second half-ring into the complete
drive ring.

6. The hub cooling apparatus of claim 5, wherein the sec-
ond half-ring is formed with an inset notch on another periph-
eral surface thereof that is opposite to the one where the two
second grooves are formed for allowing the main shaft to
wedge therein.

7. The hub cooling apparatus of claim 1, wherein the angle
of'inclination for each blade of the first fan is opposite to that
of each blade of the second fan.

8. The hub cooling apparatus of claim 1, wherein the cir-
culating fan module further comprises at least one first fan
unit, and each first fan unit is coupled to at least one second
fan unit at a side thereof while allowing each of the at least one
second fan unit to be fixed secured by the use of a blade
clamper.

9. The hub cooling apparatus of claim 8, wherein each of
the first and the second fan unit is a helical fan.

10. The hub cooling apparatus of claim 8, wherein the
circulating fan module has an axially extending fan support,
and the fan support is formed with two ends that are provided
for a fan base and the blade clamper to be disposed on the
respective ends.

11. The hub cooling apparatus of claim 8, wherein the
circulating fan module and the main shaft are rotating about
the same axis.
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12. The hub cooling apparatus of claim 1, further compris-
ing:

a flow guiding ring, arranged inside the hub at an end

neighboring to the nacelle.

13. The hub cooling apparatus of claim 12, wherein the
peripheral wall of the flow guiding ring is inclined by an
inclination angle with respect to the wall of the hub.

14. The hub cooling apparatus of claim 13, wherein the
inclination angle is ranged between 30 degrees to 75 degrees.

15. The hub cooling apparatus of claim 12, further com-
prising:

a plurality of through holes, being formed on an end of the
hub that is neighboring to the nacelle and inside an area
enclosing by the flow guiding ring.

16. The hub cooling apparatus of claim 15, wherein the

plural through holes are distributed in a ring-like formation.

17. The hub cooling apparatus of claim 15, further com-
prising: a first interface hole and a second interface hole;
wherein the first and the second interface holes are formed
respectively at an end of the nacelle that is neighboring to the
hub while allowing the first interface hole and the second
interface hole to be selectively in flow communication with
their respective corresponding plurality of through holes.

18. The hub cooling apparatus of claim 17, wherein the first
and the second interface holes are arranged at positions oppo-
site to each other.

19. The hub cooling apparatus of claim 17, wherein the first
fan is arranged at a position corresponding to the first inter-
face hole, while the second fan is arranged at a position
corresponding to the second interface hole.

20. A hub cooling method, adapted to a wind power gen-
erator, comprising the steps of:
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enabling a circulating fan module to be driven to operate by
a rotating hub while allowing air in the hub to be driven
to flow and circulate by the operation of the circulating
fan module; and

activating a first fan and a second fan that are both arranged

inside a nacelle for drawing hot air inside the hub to flow
into the nacelle while forcing cold air inside the nacelle
to be flow into the hub;

wherein the first fan is an exhaust fan for forcing cold air in

the nacelle to flow into the hub through a first interface
hole formed in the nacelle and a plurality of through
holes formed in a flow guiding ring, and the second fan
is a suction fan for sucking hot air from the hub to the
nacelle through a second interface hole formed in the
nacelle and the plurality of through holes; or vice versa,
the first fan is a suction fan for sucking hot air from the
hub to the nacelle through the first interface hole and the
plurality of through holes, and the second fan is an
exhaust fan for forcing cold air in the nacelle to flow into
the hub through the second interface hole and the plu-
rality of through holes.

21. The hub cooling method of claim 20, wherein the first
and the second fans are brought along to rotate by a main
shaft, while the main shaft is rotating along with the rotation
of the hub.

22. The hub cooling method of claim 20, wherein the hub
is arranged to be activated by a plurality of blades, while the
plurality of blades are disposed to be activated by an air flow.

23. The hub cooling method of claim 20, wherein the hub
is formed with a hub nose, the hub nose has the circulating fan
module mounted therein.
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